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A Landscape in Transition: The Arbuckle Mountains, 1870 to 1898∗

Todd D. Fagin and Bruce W. Hoagland
University of Oklahoma

An understanding of the contemporary biogeography of a region must be predicated not only on the current environmental
conditions that influence species distributions but also on historical factors including anthropogenic disturbance regimes.
Increasingly, researchers are using historical data, such as the Public Land Survey System (PLSS) records, to create baselines
from which subsequent biogeographic changes can be gauged. The present-day state of Oklahoma is unique in that two separate
PLSS surveys were conducted in the state during a relatively short time span. We compare these two historical data sets, from
the 1870s and 1890s, respectively, to quantify changes in landscape structure and woody plant assemblages corresponding to
rapid demographic changes occurring within the Arbuckle Mountains in Oklahoma. During this period, the PLSS data show
a landscape that became increasingly fragmented, as well as differences in stand composition and density. The documentation
of these important historical anthropogenic changes occurring on the western fringes of the eastern deciduous forest could
serve as a valuable guide for conservation and restoration initiatives. Key Words: cross-timbers, eastern deciduous forest,
historical vegetation reconstruction, Public Land Survey System.
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La comprensión de la biogeografı́a contemporánea de una región debe formularse no solo en términos de las actuales condiciones
ambientales que influencian la distribución de las especies sino también de factores históricos que incluyan los regı́menes de
perturbación antropogénica involucrados. Cada vez más los investigadores están haciendo uso de datos históricos, tales como
los registros del Sistema Público de Estudios del Suelo (PLSDS), para crear bases de referencia a partir de las cuales puedan
ser calibrados los cambios biogeográficos subsiguientes. El actual estado de Oklahoma es único en el sentido de que se dispone
de dos estudios separados del PLSS efectuados allı́ dentro de un lapso relativamente corto. Comparamos estos dos conjuntos
de datos históricos, de los años 1870 y los 1890, respectivamente, para cuantificar cambios en la estructura del paisaje y de las
comunidades de plantas leñosas concurrentes con cambios demográficos rápidos ocurridos al interior de las Montañas Arbuckle
de Oklahoma. Durante este perı́odo, los datos del PLSS muestran un paisaje que crecientemente se fue fragmentando, al tiempo
que dejan ver las diferencias en composición y densidad de las unidades biogeográficas. La documentación de tan importantes
cambios antropogénicos en los bordes occidentales de los bosques deciduos orientales podrı́a servir como guı́a invaluable para
acometer iniciativas de conservación y restauración. Palabras clave: eco-región cross-timbers, bosque deciduo oriental,
reconstrucción histórica de la vegetación, Sistema Público de Estudios del Suelo.

R egional biogeographic patterns are not only the
product of abiotic factors (e.g., climate, substrate,

and topography) but of historical anthropogenic dis-
turbance regimes, as well (Batek et al. 1999; Motzkin
et al. 1999; Dupouey et al. 2002). In the time since
European American settlement, the temperate forests
and grasslands of North America have been mod-
ified by human activity (e.g., Curtis 1956; Forman
1995). In particular, land conversion for agriculture
(e.g., ranching and row crop production), timber har-
vest, and expansion of human settlements have re-
sulted in fragmented native ecosystems (Saunders,
Hobbs, and Margules 1991; Forman 1995; Bennett and
Saunders 2010). Additionally, fire suppression has led

∗The authors would like to thank Drs. Tom Wikle, J. Scott Greene, Aondover Tarhule, Robert Rundstrom, and Wayne Elisens, as well as the anonymous reviewers, for
their valuable feedback during the preparation of this article.

to increased abundance of woody vegetation at the ex-
pense of grasslands (Archer 1995; Engle, Bidwell, and
Moseley 1997) and canopy closure in woodlands,
which displaces understory species (Engle, Bodine, and
Stritzke 2006; Nowacki and Abrams 2008). Concur-
rently, fire suppression can result in more mesophytic
conditions in erstwhile pyrogenic habitats (Nowacki
and Abrams 2008). In both instances, the result is of-
ten a difference in species assemblages than in predis-
turbed habitats.

Many studies have quantified the spatial extent and
rates of land conversion using historical data sources
such as land survey data, aerial photography, and
satellite imagery. These data are typically compiled
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into an analysis of temporal sequences, starting with a
baseline from which subsequent change can be gauged.
As such, they provide valuable insight into land cover
changes and its effects on ecosystem structure and
function (e.g., Maines and Mladenoff 2000; Bahre and
Hutchinson 2001; Fritschle 2008). These analyses, in
turn, can guide conservation and habitat restoration
efforts based on the established baseline (Radeloff,
Mladenoff, and Boyce 2000; Bolliger et al. 2004).

As useful as these data might be, there is often a
significant temporal gap between the various data
sources. For instance, in much of the United States,
a century or more elapsed between the nineteenth-
century land surveys and the advent of aerial
photography. Significant changes in land cover likely
occurred in that interval, but evidence supporting this
assertion is often elusive. Further compounding the
problem, much of the available baseline data, such as
the Public Land Survey System (PLSS) records of the
General Land Office (GLO), were collected only after
widespread anthropogenic modifications to landscapes
occurred. Moreover, these data were often collected
once and over protracted periods of time (Schulte and
Mladenoff 2001). One notable exception is the Public
Land Survey of Oklahoma, which was conducted over
a relatively short period of time and completed twice.

The GLO surveyed the present-day state of
Oklahoma, then known as Indian Territory, first in
the early 1870s and again in the late 1890s (Hoagland
2006), thus providing two late nineteenth-century
data sets collected using the same protocols and
mandates. The PLSS records are one of the few
quantitative data sets of pre- and early-European
American settlement that provide both land cover and
taxonomic data for analysis of vegetation composition.
Despite the inherent limitations (Bourdo 1956;
Schulte and Mladenoff 2001; Whitney and DeCant
2001), the notes, witness tree records, and plat maps
of the PLSS have contributed to our understanding
of past ecological conditions and in the evaluation
of human modification of the landscape (e.g., Curtis
1956; Mladenoff and Howell 1980; Smith, Marks, and
Gardescu 1993; Zhang, Pregitzer, and Reed 2000).

The interval between the two surveys in Indian
Territory was a period of rapid demographic change,
including railroad development, rapidly expanding
towns, and new agricultural-based economies
(Gibson 1981). However, a spatial analysis and evalu-
ation of ecological and biogeographical consequences
of these demographic shifts are lacking. As such, these
PLSS records could provide valuable insight into
the degree of ecological transformation, if any, that
corresponds to this period of demographic shift.

The goal of this study is to evaluate the historic
land cover change in the Arbuckle Mountains of south-
central Oklahoma. Utilizing repeat PLSS data, we an-
alyzed landscape structure and associated woody plant
assemblages at two discrete points in time, one corre-
sponding to the period immediately prior to extensive
European American settlement (1870s), the other fol-
lowing settlement (1890s). Our analyses include the
quantification of landscape and habitat fragmentation

by comparing land cover maps derived from the plats
of the two survey periods and an analysis of changes
in the distribution and composition of woody plant
taxa between the two survey periods. The results of
this study will provide important insight on relatively
short-term biologic effects of habitat fragmentation
and provide useful baselines from which to gauge ad-
ditional landscape change.

Methods

Study Area
The Arbuckle Mountains cover an area of approx-
imately 215,000 ha in south-central Oklahoma
(Figure 1). The Arbuckle Mountains, topographically
a low plateau, rise a few hundred feet meters above
the surrounding prairie, sloping from an elevation of
411 m (1,350 ft) in the west to 229 m (750 ft) in the
east (Dale 1956; Hutcheson 1965) and consist of areas
of considerable faulting and folding, resulting in many
unusual structural features. The geologic history of the
region has led to the exposure of thick late Cambrian
to middle Mississippian limestone sediment and late
Mississippian and Pennsylvanian sedimentary rocks
(Suneson 1997). Outcrops of mostly carbonate rocks
characterize the surface geology, although granitic
outcrops surrounded by limestones, conglomerates,
sandstones, shales, cherts, and other types of rocks are
prevalent (Dale 1956; Suneson 1997).

The study area is located in the Subtropical Humid
(Cf) climate zone, which is characterized by long, hot
summers and short, mild winters (Trewartha 1980).
Summer temperatures average 28◦C, and winter tem-
peratures average 4◦C. Mean annual precipitation is
approximately 1,010 mm, with much of it occurring in
April, May, and June (National Climatic Data Center
2012). November, December, January, and February
are the driest months, although drought conditions as
reflected by the vegetation typically occur in July and
August (Dale 1956).

The Arbuckle Mountains lie within the cross-
timbers, a region characterized by a mosaic of forest,
woodland, and prairie vegetation. The forest and
woodland vegetation of the cross-timbers is domi-
nated by two species of woody plants, Quercus stellata
and Q. marilandica, whereas the grassland commu-
nities are dominated by Andropogon gerardii, Panicum
virgatum, Schizachyrium scoparium, and Sorhastrum
nutans (Hoagland et al. 1999). Reduction of native fire
regimes during the past century, however, has resulted
in the increase of woody plants (particularly Juniperus
spp.) at the expense of grassland (Archer 1995; Engle,
Bidwell, and Moseley 1997) and is believed to have led
to the increased canopy cover of dominant overstory
Quercus spp. (Engle, Bodine, and Stritzke 2006).

Vegetation studies of the Arbuckle mountains (e.g.,
Hopkins 1941; Dale 1956; Rice and Penfound 1959;
Hutcheson 1965; Johnson and Risser 1975) have
shown that woodland communities vary consider-
ably with soil type and moisture availability, with
Q. stellata and Q. marilandica as codominants in dry
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Figure 1 Study area location in south-central Oklahoma. (Color figure available online.)

upland areas of granitic and calcareous parent mate-
rial. Carya texana is another important upland species
in the cross-timbers, typically found in drier portions
of the Quercus-Carya forest types. Important bottom-
land species include Q. muhlenbergii, Celtis laevigata,
C. laevigata var. reticulata, Platanus occidentalis, Ul-
mus americana, U. rubra, Carya illinoensi, Juglans nigra,
Salix nigra, and Populus deltoides (Dale 1956; Rice and
Penfound 1959; Kennedy 1973).

The cross-timbers reside on the western edge of the
eastern deciduous forest and the eastern edge of the
Great Plains. Consequently, the Arbuckle Mountains
are home to a diversity of flora and fauna, including a
number of species of concern from a conservation per-
spective, including Alnus maritima, Epipactis gigantea,
Penstemon oklahomensis, Psoralea reverchonii, and Aquila
chrysaetos.

From a historical perspective, the Arbuckle Moun-
tains are believed to have undergone rapid ecological
changes in the period since widespread European
American settlement. In particular, fire suppression
and other land use practices have led to increases in
Juniperus virginiana and J. asheii at the expense of
grasslands and are believed to have contributed to
the densification of wooded areas (Hoagland et al.
1999). Additionally, habitat fragmentation has led
to a decrease of native habitats and an increase of
anthropogenic land cover types. Despite these ecolog-
ical transformations, there is a dearth of quantitative
research on these biotic conditions prior to these
anthropogenic changes. The Arbuckle Mountains’
position within the boundaries of the Chickasaw Na-
tion provide two quantitative historical data sets, one

preceding widespread European American settlement,
the other immediately following a substantial demo-
graphic shift, thereby enabling an analysis of these
dynamics and the ecological consequences thereof.

Data Analysis
The PLSS records were standardized in 1855 (Moore
1855) and contain two types of data that are use-
ful for the analysis of historic vegetation. As survey-
ors partitioned the land into a grid of 93.24 km2 (36
mi2) townships and further subdivided each township
into 2.59 km2 (1 mi2) sections, surveyors documented
prominent features, such as the location of barrens,
prairies, scrublands, and forests; natural disturbances,
such as windfalls and erosion; and, in some instances,
evidence of recent fires (Whitney and DeCant 2001;
Wang 2005). On returning from the field, these data
were compiled into a series of township-wide plats
from the areas surveyed.

Surveyors also recorded quantitative information re-
lated to “witness” trees encountered along the survey
lines. These data were recorded at the intersection of
section lines, where surveyors noted the nearest tree
in each of the adjoining sections, recording its identifi-
cation and estimated diameter at breast height (DBH)
and compass direction and distance from the corner
section. Surveyors recorded the same information at
each quarter section point but only for the trees near-
est the adjoining sections (Moore 1855; L. O. Stewart
1935; Hutchison 1988). As a result, each corner section
could have up to four witness trees and each quarter
section a maximum of two trees (Figure 2).
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Figure 2 (A) Schematic of section line intersection and quarter section points from which surveyors recorded the
identification, estimated diameter at breast height, compass direction, and distance to the nearest tree in each adjoining
section. Each corner section could have up to four so-called witness trees, and each quarter section a maximum of two
trees. (B) Transcribed excerpt from surveyor notes indicating witness tree information recorded from a section corner.
Quarter section points would only have up to two trees, one in each adjoining section. (C) An example of plotted witness
tree data from surveyor notes. (Color figure available online.)

We obtained microfiche copies of transcribed
surveyor notes and digital (scanned) township plats
for the study area. The forty townships encompassing
the study area were first surveyed between the years
of 1870 and 1872, with the majority of the surveys
(thirty-five) occurring in 1871. The entire 1870s sur-
vey of the study area spanned 1.25 years (November
1870–February 1872). Each of the forty townships was
resurveyed from November 1897 through December
1898, with most of the surveys (thirty) conducted
throughout 1898. Overall, there was an average of
26.6 years (26 years, 7 months) between the original
survey and resurvey (Table 1).

We georeferenced each scanned image using a
digital township, range, and section data set for
the study area obtained from the Bureau of Land
Management’s Land Survey Information System. We
digitized relevant features from each PLSS plat, in-
cluding land cover types, transportation networks,
and anthropogenic structures, into a series of seam-
less geographic information system (GIS) layers (land
cover, transportation, and structures). The result-
ing land cover layers consisted of features delin-
eated by surveyors as forest/woodland, grassland (i.e.,
nonwooded, vegetated areas, which can include pas-
ture land), cultivated areas, and wetlands. The trans-
portation network layers included features identified
as wagon roads, cattle trails, other trails, and rail-
roads. The anthropogenic structure layers consisted
of any point features that surveyors marked as anthro-

pogenic in origin, such as various buildings, mines, and
gins.

To quantify change in land cover between the two
survey dates, we calculated several landscape indexes
for each survey period: class area (measure of total
area occupied by a particular land cover type), num-
ber of patches (measure of individual occurrences of
a given land cover type), and mean patch size (aver-
age area occupied by each land cover type; Rempel
2008). We identified and quantified areas of change by
combining each time-stamped GIS layer into a sin-
gle composite layer using a GIS overlay operation
(Langram and Chrisman 1988). We also gener-
ated summary statistics, which served as surrogate
measures of anthropogenic influences on the land-
scape, of all other data layers (e.g., transportation net-
works and anthropogenic structures).

Witness tree records for corner and quarter sections
were databased. Data relevant to this study recorded
by surveyors included common name of the tree
encountered, to which we attempted to apply an
appropriate scientific binomial, estimated DBH, and
compass bearing and distance from the corner or
quarter section point.

We calculated mean distance from each survey point
to recorded trees (Batek et al. 1999), as well as tree den-
sity using the point-centered quarter method (Cot-
tam and Curtis 1956; Anderson, Jones, and Swigart
2006). To determine the structure of woody veg-
etation, we calculated basal area (πr2) using DBH,
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Table 1 Month and year of the Public Land Surveys of the Arbuckle Mountains, 1870s and 1890s

1870s 1890s

Month Year Deputy surveyor Township Month Year Deputy surveyor Span (Years)

Sep. 1871 Ehud Noble Darling 1N4E Nov. 1897 Frank E. Lewis 26.17
Aug. 1871 Ehud Noble Darling 1N5E Feb. 1898 Fred Watts Jr. 26.50
Oct. 1871 Ehud Noble Darling 1N6E Feb. 1898 J. P. Thayer 26.33
Oct. 1871 Ehud Noble Darling 1N7E Dec. 1898 Fred Watts Jr 27.17
Dec. 1870 Ehud Noble Darling 1S1E Dec. 1897 J. C. Wilkinson 27.00
Dec. 1870 Theodore H. Barrett 1S1W Jun. 1898 Wm O. Beall 27.50
Feb. 1871 Ehud Noble Darling 1S2E Dec. 1897 Oscar Jones 26.83
Feb. 1872 Theodore H. Barrett 1S2W May 1898 Frank F. Sweet 26.25
Sep. 1871 Ehud Noble Darling 1S3E Feb. 1898 J. C. Wilkinson 26.42
Jun. 1871 Ehud Noble Darling 1S4E Feb. 1898 Oscar Jones 26.67
Jun. 1871 Ehud Noble Darling 1S5E Jan. 1898 Thr Johnson 26.58
Sep. 1871 Ehud Noble Darling 1S6E Jan. 1898 J. W. Riley 26.33
Sep. 1871 Ehud Noble Darling 1S7E Feb. 1898 J. W. Riley 26.42
Sep. 1871 Ehud Noble Darling 1S8E Feb. 1898 J. W. Riley 26.42
Oct. 1871 Ehud Noble Darling 2N4E Dec. 1897 Frank E. Lewis 26.17
Aug. 1871 Ehud Noble Darling 2N5E Feb. 1898 Fred Watts Jr. 26.50
Oct. 1871 Ehud Noble Darling 2N6E Feb. 1898 J. P. Thayer 26.33
Oct. 1871 Ehud Noble Darling 2N7E Dec. 1897 Fred Watts Jr. 26.17
Nov. 1870 Ehud Noble Darling 2S1E Dec. 1897 Frank E. Lewis 27.08
Nov. 1870 Theodore H. Barrett 2S1W Jun. 1898 Geo W. Hooper 27.58
Jan. 1871 Ehud Noble Darling 2S2E Dec. 1897 Frank E. Lewis 26.92
Jan. 1871 Theodore H. Barrett 2S2W Jun. 1898 J. E. Beavers 27.42
Sep. 1871 Ehud Noble Darling 2S3E Jan. 1898 George A. Purington 26.33
Jun. 1871 Ehud Noble Darling 2S4E Jan. 1898 Frank E. Lewis 26.58
Jul. 1871 Ehud Noble Darling 2S5E Jan. 1898 Fred Watts Jr. 26.50
Sep. 1871 Ehud Noble Darling 2S6E Jan. 1898 J. P. Thayer 26.33
Sep. 1871 Ehud Noble Darling 2S7E Feb. 1898 Thr Johnson 26.42
Sep. 1871 Ehud Noble Darling 2S8E Feb. 1898 J. W. Riley 26.42
Sep. 1871 Ehud Noble Darling 3N5E Jan. 1898 Fred Watts Jr. 26.33
Oct. 1871 Ehud Noble Darling 3N6E Feb. 1898 J. P. Thayer 26.33
Jan. 1871 Ehud Noble Darling 3S2E Dec. 1897 Oscar Jones 26.92
Jul. 1871 Ehud Noble Darling 3S3E Jan. 1898 J. C. Wilkinson 26.50
May 1871 Ehud Noble Darling 3S4E Jan. 1898 Oscar Jones 26.67
Jul. 1871 Ehud Noble Darling 3S5E Jan. 1898 Thr Johnson 26.50
Aug. 1871 Ehud Noble Darling 3S6E Jan. 1898 J. W. Riley 26.42
Aug. 1871 Ehud Noble Darling 3S7E Feb. 1898 Thr Johnson 26.50
Aug. 1871 Ehud Noble Darling 3S8E Feb. 1898 J. W. Riley 26.50
May 1871 Ehud Noble Darling 4S4E Jan. 1898 Oscar Jones 26.67
Apr. 1871 Ehud Noble Darling 4S5E Dec. 1897 Thr Johnson 26.67
Jun. 1871 Ehud Noble Darling 4S6E Dec. 1897 J. W. Riley 26.50

relative dominance (basal area individual taxon/basal
area all taxa), relative density (number of individu-
als of a taxon/number of all individuals in all taxa),
and importance value (IV; average of relative density
and relative dominance) for each taxon for each sur-
veyed period. To determine whether there were com-
positional and structural differences in woody plant
taxa between the two survey periods, we calculated the
Sørensen index (Sørensen 1957) and Bray–Curtis dis-
similarity index (Bray and Curtis 1957), respectively,
and used a t test to determine whether there were sig-
nificant differences between DBH (entire data set, as
well as individually for top five taxa), average point to
tree differences, and density values between the two
surveys. All of the preceding measurements excluded
areas in which no witness trees were recorded.

Results

Landscape Change and Fragmentation
During the 1870s, PLSS plats depicted the landscape
of the Arbuckle Mountains as primarily a mosaic of

forest/woodland and grassland vegetation with little
evidence of human habitation or direct anthropogenic
landscape modifications (Figure 3). Grasslands were
the dominant land cover type, followed by for-
est/woodland. Cultivated lands, consisting of gardens,
orchards, and farmed lands, covered only a fraction of
total land area. Additionally, as Table 2 indicates, there
were few anthropogenic structures within the area and
those present were primarily residential. The low an-
thropogenic signal is further reflected in the scarcity of
recorded transportation networks (Table 3, Figure 3).

By the 1890s, the landscape had undergone rapid
change, characterized by increased habitat fragmen-
tation as a result of forest/woodland clearance, a
dramatic increase in cultivated areas, and the built
environment. During this period, the forest/woodland
cover class decreased by approximately 23 percent,
whereas areas mapped as grasslands (including pos-
sible pasture lands) increased slightly (see Figure 3).
Cultivated areas showed the greatest change between
the two survey years. Additionally, anthropogenic
structures increased more than twenty-five-fold in the
area and the total linear distance of transportation
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Figure 3 Land cover of the Arbuckle Mountains in the 1870s and 1890s, respectively, including anthropogenic structures
and transportation networks, as depicted on the Public Land Survey plats. (Color figure available online.)

networks increased by more than fivefold (see Tables 2
and 3, Figure 3).

These changes are further reflected in the over-
all patchiness of the landscape and the directions of
change (Figure 4). Both forest/woodland and grass-
land patches increased in number, although the mean
patch size of each decreased, indicating a trend to-
ward greater fragmentation. The greatest landscape
change occurred in the form of forest/woodland con-
version to grasslands (including pasturelands). There
is also evidence, however, of afforestation in ar-
eas formerly mapped as grasslands. Moreover, both
forest/woodland and grasslands areas were cleared for
cultivation during the period under consideration, and
there is limited evidence of agriculture abandonment.

Composition and Vegetation Structure
There were 2,502 possible corner or quarter section
points in the study area from which woody plant taxa
could be recorded. Overall, there was a combined to-
tal of thirty different taxa recorded from 1,416 (57
percent) survey points during the two surveys. In

Table 2 Comparison of 1870s and 1890s structures
from Public Land Survey plats

Structure type 1870s 1890s

Residential 24 787
Store 2 2
Post office 1 7
Mill 1 1
Capital 1 0
Blacksmith 1 1
School house 0 11
Church 0 2
Cemetery 0 2
Mine 0 1
Tank 0 2
Triangulation signal 0 1
Gin 0 3
Sawmill 0 1
Total 30 821

the 1870s, surveyors recorded 2,578 individual trees
representing twenty-eight different taxa from 1,088
(43 percent) survey points (Table 4). Quercus stellata
had the highest frequency of recorded trees. Other
commonly reported taxa included Q. velutina, Ul-
mus spp., and Carya texana. In the 1890s, a total of
2,980 individual trees representing twenty-five differ-
ent taxa were recorded from 1,261 (50%) survey points
(Table 4). Quercus stellata was once again the most
abundant species. Ulmus spp., Q. marlandica, Q. falcata,
and Carya illinoinensis were also commonly reported.
Both compositionally and structurally, the landscape
was similar between the surveys (83.6 percent similar-
ity and 72.9 percent similarity, respectively).

In the 1870s, trees averaged 16.07 m in distance
from the survey points and the average density in areas
in which trees were recorded was 148.55 stems/ha.
By contrast, in the 1890s, trees averaged 21.16 m in
distance and the average density in areas in which trees
were recorded was 78.99 stems/ha.

T-test results indicate that although there was not a
significant difference in DBH for all taxa and den-
sity between the two survey periods, t(0.182), p =
0.856; t(−1.24), p = 0.168, respectively, there was a
significant difference between average distance from
survey points to witness trees between the two years,
t(−9.15), p < 0.00. T-test results indicate that DBH
of each of the five dominant taxa did not vary sig-
nificantly between the two surveys. Due to possible

Table 3 Comparison of the linear difference in
kilometers of the 1870s and 1890s transportation
networks from Public Land Survey plats

Transportation 1871 1897

Wagon road 202.64 1,703.23
Trail 28.55 0
Cattle trail 31.80 0
Railroad 0 63.66
Total length (km) 262.99 1,766.89
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Figure 4 Trajectories of change: Arrows indicate the direction of change from one land cover class to another between
the two survey periods. All values listed are hectares. For instance, between the 1870s and 1890s surveys, 25,159 ha
of forest/woodland was converted to grassland (or nonforested pasture) and 8,248 ha of grassland was converted to
cultivation.

nomenclature issues pertaining to survey use of “black
oak” and “blackjack oak,” however, we also tested dif-
ferences between 1870s DBH values for “black oak”
and 1890s values for “blackjack oak.” There was a sig-
nificant difference between these means, t(3.289), p =
0.001. Nonetheless, we found that the taxonomic com-
position between the two surveys was mostly similar
(0.836 and 0.728 similarity based on the Sørensen and
Bray–Curtis indexes, respectively).

Discussion

Land Use Change and Fragmentation
Permanent settlements in the Arbuckle Mountains
began in the late 1850s with the establishment of
Fort Arbuckle in current-day Murray County and
the movement of translocated Chickasaw into their
federally established district (Gibson 1981). The
gradual movement of both Chickasaws and European

Table 4 Comparison of frequency, relative dominance, relative density, and importance value for all recorded taxons,
1870s and 1890s

1870s 1890s

No. Relative Relative Importance No. Relative Relative Importance
Taxon trees dominance density value trees dominance density value

Quercus stellata 1,234 46.368 47.867 47.117 1,242 40.331 41.678 41.005
Quercus velutina 529 15.442 20.520 17.981 73 2.509 2.450 2.479
Ulmus spp. 328 29.296 12.723 21.009 474 21.174 15.906 18.540
Carya texana 118 0.982 4.577 2.779 69 0.568 2.315 1.441
Quercus alba 81 1.701 3.142 2.422 57 0.739 1.913 1.326
Carya illinoinensis 56 1.231 2.172 1.702 123 5.459 4.128 4.793
Fraxinus spp. 45 0.983 1.746 1.364 69 1.324 2.315 1.820
Quercus falcata 37 0.607 1.435 1.021 184 5.713 6.174 5.944
Celtis laevigata 24 0.416 0.931 0.673 58 1.261 1.946 1.603
Juglans nigra 23 0.493 0.892 0.693 42 2.236 1.409 1.822
Quercus palustris 22 0.209 0.853 0.531 27 0.448 0.906 0.677
Populus deltoides 19 0.744 0.737 0.740 6 0.200 0.201 0.201
Quercus macrocarpa 18 0.658 0.698 0.678 19 0.567 0.638 0.602
Quercus marilandica 6 0.386 0.233 0.309 315 12.541 10.570 11.556
Platanus occidentalis 6 0.042 0.233 0.138 6 0.287 0.201 0.244
Diospyros virginiana 5 0.262 0.194 0.228 17 0.388 0.570 0.479
Juniperus spp. 4 0.055 0.155 0.105 7 0.204 0.235 0.219
Cercis canadensis 4 0.003 0.155 0.079 — — — —
Morus rubra 3 0.028 0.116 0.072 — — — —
Quercus spp. 3 0.014 0.116 0.065 164 3.600 5.503 4.552
Maclura pomifera 3 0.018 0.116 0.067 11 0.351 0.369 0.360
Sideroxylon lanuginosum 2 0.022 0.078 0.050 7 0.024 0.235 0.129
Prunus spp. 2 0.004 0.078 0.041 — — — —
Acer negundo 2 0.024 0.078 0.051 2 0.023 0.067 0.045
Malus ioensis 1 0.001 0.039 0.020 — — — —
Gymnocladus dioicus 1 0.004 0.039 0.022 1 0.004 0.034 0.019
Salix spp. 1 0.001 0.039 0.020 1 0.001 0.034 0.017
Crataegus spp. 1 0.010 0.039 0.024 — — — —
Quercus nigra — — — — 5 0.046 0.168 0.107
Sapindus saponaria — — — — 1 0.002 0.034 0.018
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Americans into the Arbuckle Mountains regions is
reflected in the 1870s surveys. Few anthropogenic
structures existed throughout the 215,000-ha area
and agriculture was limited primarily along rivers
and streams in small plots likely used for subsistence
purposes (Gibson 1981).

Nonetheless, land modifications likely existed dur-
ing this period, although not recorded in the survey
notes or plats. For instance, the Chickasaw maintained
large herds of domesticated animals prior to removal
(Morris 1947; Doran 1976). On arrival to their new
lands, the Chickasaw continued ranching and even ex-
panded their enterprise due to opportunities presented
by the extensive prairies in their new home (Gibson
1981). An enumeration in the Chickasaw Nation in
the 1850s counted 14,788 domestic animals (Doran
1976).

Additionally, other anthropogenic modifications to
the environment, such as intentionally set fires in
prairies, have been documented in the area (O. C.
Stewart 2002). Early traveler accounts of the area
(Dyksterhuis 1948) reference frequent fires through-
out the cross-timbers. As Irving ([1835] 1959, 125)
wrote of the cross-timbers, “[t]he fires made on the
prairies by the Indian hunters, had frequently pene-
trated these forests, sweeping in light transient flames
along the dry grass, scorching and calcining the lower
twigs and branches of the trees, and leaving them black
and hard.”

The 1870s surveyor notes are limited in their de-
scription of such land use practices within the Arbuckle
Mountains. Although the surveyors documented gen-
eral landscape characteristics (Fagin and Hoagland
2002), there is little mention of specific enterprises
such as ranching (although surveyors did map ap-
proximately 32 km of cattle trails in the area during
the 1870s survey). Additionally, the notes for the Ar-
buckle Mountains do not contain any mention of re-
cent fire. Nonetheless, the ecological implications of
increased ranching, fire abatement, or both are many.
Both ranching and fire suppression have been shown to
be critical factors in the increase of some woody species
(Briggs, Hoch, and Johnson 2002), and fire suppression
is believed to be a driving factor in the increased den-
sification of wooded and forested areas (Dyksterhuis
1948, 1957; Rice and Penfound 1959; Engle, Bodine,
and Stritzke 2006; Nowacki and Abrams 2008).

In the period following the U.S. Civil War, the
Chickasaw Nation saw rapid growth as new rail lines
transecting the Chickasaw Nation were built. By the
1890s, eight new towns, each with populations in ex-
cess of 1,000, sprouted up along the railroad lines in
the Chickasaw Nation. By 1900, an estimated 150,000
whites, some legally, others illegally, were living in the
Chickasaw Nation (Gibson 1981).

Accompanying this rapid demographic shift was an
intensification of land use practices, primarily in the
expansion of large-scale agriculture. In 1886, the su-
perintendent of the Five Civilized Tribes reported that
agriculture in the Chickasaw Nation was increasing
geometrically, having already doubled in the last five

years (Owen 1886). Additionally, ranching intensity
continued to increase and new pressures on the land,
primarily in the realm of natural resource extraction
(oil and coal), were introduced (Gibson 1981).

The intensified land use practices between the
two surveys are reflected in the increased patchi-
ness of the landscape (Figure 3). This habitat frag-
mentation is of particular ecological concern. As an
ecosystem is reduced in areal extent, changes in the
biogeography of the remnant ecosystem often result.
In particular, a series of vegetation patches is produced
(Forman 1995). These vegetation patches are further
influenced by alterations in the physical environment,
which are themselves a product of fragmentation. The
result is often markedly different species composition
within patches than that of the prefragmented ecosys-
tem.

Species Composition and Structure
The woody species assemblages from the two survey
periods tend to correspond to twentieth-century veg-
etation studies in the region (e.g., Dale 1956; Rice
and Penfound 1959). Some peculiarities exist, how-
ever. For instance, studies have determined that Q. stel-
lata and Q. marilandica are the most important woody
species in the region, accounting for 90 percent of
the canopy cover and 50 percent of basal area of the
cross-timbers (e.g., Rice and Penfound 1959; Johnson
and Risser 1975; Hoagland and Johnson 2001). During
the 1870s’ survey, though, the second most commonly
reported Quercus species (behind Q. stellata) was Q.
velutina (529 occurrences), which the surveyors iden-
tified as “black oak.” Quercus marilandica, identified as
“blackjack” by the surveyors, was only recorded six
times (compared to 315 in the 1890s; Table 4).

Although Q. velutina has been documented in the re-
gion (Dale 1956; Rice and Penfound 1959; Hutcheson
1965), it reaches its western extent in central Okla-
homa (Little 2000) and, with the exception of Hutch-
eson (1965), has not been frequently reported in the
Arbuckle Mountains. Hoagland and Johnson (2001)
did not record any instances of Q. velutina within
the Chickasaw National Recreation Area (located in
the Arbuckle Plains physiographic province), and the
Oklahoma Vascular Plants Database (Hoagland et al.
2008) only contains twenty-one records for Q. velutina
within the six counties of the Arbuckle Mountains.

There are several possibilities for the seemingly
anomalous Q. velutina records. In the field notes,
surveyors recorded trees by common name (Fagin
and Hoagland 2002) and surveyors rarely had for-
mal botanical training (Delcourt and Delcourt 1996).
Misidentification and use of regional or outdated com-
mon names presents a unique challenge in attributing
the correct scientific binomial in vegetation recon-
structions from PLSS data. Surveyors, for instance,
might have applied the common name “black oak” to
Q. marilandica rather than Q. velutina. Moreover, sur-
veyors might have confounded Q. velutina with several
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other Quercus species conspicuously absent from the
field notes, such as Q. buckleyi or Q. shumardii.

Another possibility is that the Q. velutina identifica-
tion is correct. Hutcheson’s (1965) study of the vegeta-
tion of the Timbered Hills of the Arbuckle Mountains,
for instance, found that Q. velutina was the most abun-
dant woody species on north-facing slopes of limestone
origin and of secondary importance on south-facing
slopes. Additionally, the results of our statistical anal-
ysis comparing the DBH of 1870s Q. velutina to 1890s
Q. marilandica under the assumption that survey use of
“black oak” indicated Q. marilandica found that there
was a significant difference in the means of the two
sets.

Aside from these differences, the composition of the
woodland and forests of the Arbuckle Mountains in the
1870s and 1890s, respectively, are roughly analogous
to more contemporary studies of the region (Hoagland
and Hough 2008). Due to taxonomic uncertainties,
we are unable to definitively ascertain whether rapid
land conversion in the area between the two survey
periods resulted in compositional differences in the
arborescent communities of the Arbuckle Mountains.
The differences in recorded Q. velutina and Q. mari-
landica is the most striking difference between the two
surveys, especially when compared to the contempo-
rary composition of the upland forests of the Arbuckle
Mountains. Additionally, the infrequency of Juniperus
spp. records seem to confirm prior assessments (e.g.,
Johnson and Risser 1975; Engle, Bidwell, and Moseley
1997) of limited distribution prior to widespread fire
suppression and other land use practices.

The apparently restricted distribution of Juniperus
spp. is of particular note vis-à-vis habitat restoration.
Within the Arbuckle Mountains, there are two species
primarily responsible for woody plant encroachment,
Juniperus virginiana and J. ashei. During the past fifty
years, both species have increased their ranges, primar-
ily due to fire suppression and other land use practices
(Engle, Bidwell, and Moseley 1997). Although numer-
ous attempts have been made to quantify the degree
and direction of the increases in abundance of these
species (e.g., Briggs, Hoch, and Johnson 2002), few
studies have established baselines from periods pre-
ceding widespread fire abatement.

Although there are limited compositional differ-
ences between the two survey periods, the historical
structure of these forests is of particular note. It has
long been posited that the arborescent communities of
the cross-timbers, like much of the eastern deciduous
forest, were less dense in historical times (e.g.,
Dyksterhuis 1957; Rice and Penfound 1959; Engle,
Bodine, and Stritzke 2006). Accordingly, prior to
widespread European American settlement, much of
the contemporary forests of the cross-timbers was
woodland and “savanna.” Fire suppression and other
land use practices have contributed to an increase in
density of dominant overstory Quercus species (Engle,
Bodine, and Stritzke 2006).

Rice and Penfound’s (1959) study of the upland
forests of Oklahoma represents one of the few quan-

titative studies of the postsettlement structure of the
forests in the Arbuckle Mountains region. Their sum-
mary data (Hoagland and Hough 2008) indicate that,
at the time of their analyses, the average density of
the upland forests in the counties encompassing the
Arbuckle Mountains was 216.68 trees/ha. We found
that historically density values varied throughout the
arborescent communities in the Arbuckle Mountains.
During the 1870s, the average density of all points
from which trees were recorded was 148.55 trees/ha.
By the 1890s, the average density had decreased to
78.99 trees/ha, which likely corresponds to the de-
crease in forest/woodland cover during the period be-
tween the two surveys.

PLSS data confirm historically less dense cross-
timbers within the Arbuckle Mountains, but surveyor
bias in witness tree selection can affect these esti-
mates. Although surveyors were instructed to record
the bearing, distance, and diameter to the nearest tree
in each adjacent section, witness tree selection was of-
ten influenced by tree size, conspicuousness in a stand,
longevity, or economic value (Lutz 1930; Bourdo 1956;
Kronenfeld and Wang 2007). Additionally, differences
in survey instructions and ecological and environ-
ment heterogeneity have been demonstrated to influ-
ence witness tree selection (Liu et al. 2011). Although
this might influence the analysis of stem density on a
species-by-species basis, the PLSS data should provide
a relatively effective estimate of density when all stems
are considered together.

Survey methods were standardized by the time of
both of Oklahoma’s surveys (Moore 1855) and, there-
fore, both should have been conducted using similar
protocols. Nonetheless, some differences in the survey
methods could be attributed to the individuals who
conducted the surveys. One indication of these differ-
ences is the number of deputy surveyors contracted.
In the 1870s, only two deputy surveyors were con-
tracted to survey the townships under consideration,
one of whom oversaw the survey of 90 percent of the
townships. By contrast, thirteen different deputy sur-
veyors were contracted to conduct the resurvey, and no
single individual oversaw more than seven townships
(Table 1).

The point-centered quarter method assumes unbi-
ased tree selection (Cottam and Curtis 1956). As a re-
sult, PLSS data might actually underestimate historical
tree densities because selected witness trees were not
necessarily the closest individual to each survey point.
Assuming similar biases from each survey period, the
data provide density indexes useful for comparing the
two surveys (Grimm 1984). The decrease in density
between the 1870s and 1890s is not surprising given
the documented land clearance (Shutler and Hoagland
2004) that occurred during this period. This raises in-
teresting questions about the basis of long-held as-
sumptions of less dense savannas and woodlands in the
cross-timbers prior to European American settlement.
Although experiments (e.g., Johnson and Risser 1975;
Engle, Bodine, and Stritzke 2006) indicate that fire
is an important maintenance factor in cross-timber,
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most accounts of the savanna-like nature of the cross-
timbers in the region are based on early settler ac-
counts (Dyksterhuis 1948; Rice and Penfond 1959).
These claims, then, might be based on evidence after
substantial change in the landscape occurred.

Conclusion

The decades immediately following the Chickasaw’s
arrival in the Arbuckle Mountains region are char-
acterized by a landscape in transition. Widespread
habitat fragmentation for agriculture and other
commercial enterprises resulted in the reduction of
both the areal extent and overall density of forest and
woodland vegetation. Despite lack of strong evidence
that these changes had an immediate impact on the
overall composition of the woody taxa in the region,
they nonetheless provide important insights into the
pre-European American ecology of the cross-timbers
of the Arbuckle Mountains. The repeat PLSS data for
the Arbuckle Mountains indicate a possible shift in
importance of Q. velutina and Q. marilandica in the
period proceeding European American settlement;
confirm less dense arborescent communities in
historic times; and show an extremely low abundance
of Juniperus spp. compared to the present.

Because the cross-timbers are a mosaic of forest,
woodland, and prairie vegetation, another caveat to
this analysis must be added. PLSS data lack quanti-
tative data related to herbaceous taxa. Nonetheless,
some of the plant species of greatest conservation
concern in the area are small shrubs (e.g., Alnus mar-
itima and Quercus sinuata var. breviloba) or herbaceous
vegetation (e.g., Epipactis gigantea, Penstemon okla-
homensis, and Psoralea reverchonii). Due to the nature
of the PLSS data, changes in the abundance of these
species between the two survey periods or relative to
present will not be captured. By providing evidence
of increased woody plant densities and woody plant
encroachment in former grassland environments,
ostensibly due to fire abatement and other land use
practices, though, the PLSS data might help guide
conservation and restoration efforts throughout the
Arbuckle Mountains.

Indeed, despite several inherent limitations of PLSS
data, the repeat survey data sets provide valuable in-
formation pertaining to the composition and structure
of the western cross-timbers and the effects of early
land conversion thereon. Although this study focused
on a portion of the cross-timbers, the anthropogenic
processes encountered here are indicative of changes
that have occurred throughout the eastern deciduous
forest of North America, namely, habitat fragmenta-
tion, fire abatement, and changes in grazing regimes.
Our results regarding changes in community struc-
ture between the two surveys are applicable to our
understanding of the process of mesophication occur-
ring not only within the cross-timbers but within the
larger eastern deciduous forest—where anthropogenic
disturbances might long predate the historical docu-

mentation on which such assumptions are based. The
repeat PLSS data for the area corresponding to a pe-
riod of rapid demographic transition have provided us
with unique insight into these ecological processes. �
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